A new catalytic method for the preparation of 3-unsubstituted 2-isoxazolines is reported. The isoxazolines are easily prepared from the aliphatic a,b-unsaturated aldehydes and simple oximes in the presence of an anilinium salt catalyst.
2-Isoxazoline heterocycles are typically and most conveniently prepared by the 1,3-dipolar cycloaddition between alkenes and nitrile oxides. 1 Other methods including the reaction of a,b-unsaturated carbonyl compounds with hydroxylamine salts have been employed but with limited success.
2 Due to the lack of good preparative methods, a very limited range of 3-unsubstituted compounds has been reported in the literature. The 1,3-cycloadditions of fulminic acid or silyl nitronates with activated olefins appear to be the only straightforward methods for the preparation of these compounds.
3,4 A single example of a reaction between hydroxyurea and crotonaldehyde to give 5-methyl-2-isoxazoline has been reported. 5 Recently, Pennicott el al. also disclosed a method for obtaining these compounds from O-propargylic hydroxylamines. 6 Herein we report a new catalytic method for the preparation of 3-unsubstituted 2-isoxazolines directly from a,b-unsaturated aldehydes and oximes. The reaction complements the existing methods nicely as it allows easy preparation of compounds bearing a nonstabilizing substituent at the 5-position of the heterocycle.
Recently, Jørgensen and co-workers published an enantioselective method for conjugate addition of oximes to a,b-unsaturated aldehydes.
7 During our own study of similar reactions, we encountered problems that arose from the reversibility of the addition. We anticipated that these problems could be circumvented by developing a catalyst that would cyclize the conjugate addition product directly to a more stable 2-isoxazoline. The work of Jaquier et al. 5 and the recent communication by the Dawson group 8 suggested that this could be well achieved using a suitable amine salt that would be able to catalyze both the conjugate addition and the cyclization step.
Initially, we chose to examine the reaction between 2-hexenal 8 and acetone oxime 9a in the presence different amine salts. Acetone oxime was chosen as the oxime partner due to its practical utility and sensitivity towards hydrolysis.
9 Table 1 shows the NMR yield of 10 after 3 hours when different combinations of bases and acids were employed as catalysts. (Figure 1) Screens quickly revealed that the desired reaction could indeed be achieved and both the acid and the base played a significant role in the process. The reaction proceeded efficiently only when acids and bases of suitable pK a and pK aH value were employed. Different N-alkylanilines together with trifluoroacetic acid or diphenylphosphate (DPP) gave the best results. The imidazolidinone base 4 was also very efficient in promoting the reaction with the same acids. However, only racemic products were obtained in these conditions, and as such we decided to focus on cheaper and simpler alternatives, particularly on the Nmethylaniline (1a). After solvent screens, toluene emerged as the solvent of choice for the reaction, although other nonpolar solvents, such as chlorinated hydrocarbons or dioxane may also be used. In temperature screens, running the reaction at 0°C gave optimal results.
Selection of the oxime reagent significantly affects the reaction rate. In general, small, low-molecular-weight oximes are ideal starting materials, since the parent ketone is easy to separate afterwards from the reaction mixture.
Various oximes turned out to be reactive in the conditions developed (Table 2 ). Of the oximes tested, diethylketone oxime 9c possessed the best combination of reactivity, stability, and practical utility in our conditions. Most oximes, excluding the most sterically hindered compounds such as 9d, are capable hydroxylamine donors for the reaction. It should be stressed that acetone oxime and acetaldehyde oxime may be viable alternatives when the product must be purified by distillation.
10
The generality of the reaction was explored with a variety of a,b-unsaturated aldehydes (Table 3) .
The method appears to be fairly general, affording the 2-isoxazoline products in moderate to good yields. The conditions are also compatible with more sensitive functionalities (entries 4 and 8) and steric hindrance in the bposition is also tolerated (entry 5). However, in common with other O-and N-additions to unsaturated aldehydes, the method is limited to the use of aliphatic a,b-unsaturated aldehydes. Substrates with further conjugation in the bposition were unreactive. Employing a-acroleins as reaction partners also failed, even when salts of primary amine 1e were used as catalysts.
11
According to our hypothesis, the reaction mechanism involves an initial iminium-catalyzed conjugate addition of oxime to the a,b-unsaturated aldehyde followed by the cyclization step that proceeds through hydrolysis of the formed O-alkyloxime. In preliminary NMR studies, we have observed that the concentration of the conjugate addition product rises rapidly and then falls as the concentration of the 2-isoxazoline product rises. 12 However, the other mechanistic pathways, such as an oxime transfer between the aldehyde and the oxime, followed by an unfavorable 5-endo-trig cyclization, cannot be ruled out. 13 Notably, the reaction can also be promoted by acid alone, in which case the reaction proceeds at a comparable rate to the amine-catalyzed reaction but only after an initial induction period. This behavior indicates that a new catalytic species is generated under these conditions. 14 This species could also play a role in our difficulties in obtaining enantioenriched products. 15 In conclusion, we have developed a simple anilinium salt catalyzed method for the preparation of 5-substituted 2-isoxazolines from a,b-unsaturated aldehydes and readily available oximes. Our method complements the existing methods by enabling the preparation of a variety of 3-unsubstituted 2-isoxazolines, and requires no further stabilization at the 5-position of the heterocycle. Mechanistic studies to test our mechanistic hypothesis are under way and will be published later along with the full account of this work.
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